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Abstract

In the present study, calcium carbonate intercalated Starch Methacrylate and N-
cyclohexyl acrylaminde hydrogels were synthesized by free radical polymerization in
Methanol/water medium at 65°C. The Starch methacrylate monomer (SMA) was prepared by
esterification reaction. AIBN initiator and MBA crosslinler are used and the CaCOz was
intercalated via in situ polymerization. The synthesized nanocomposites are characterized by
FTIR, SEM and TGA analysis. These hydrogels were subjected to investigate anti-oxidant
and anti-microbial activities. The results reveal that the nanocomposite materials are
biologically important one.
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1. INTRODUCTION

Hydrogels are 3D polymeric materials, which absorbs large quantity of water and are
insoluble in water, these materials are useful for drug delivery, scaffold for tissue
engineering, drug carriers and supercapacitors. Compared with other types of biomaterials,
hydrogels have the advantages of increased biocompatibility, tunable biodegradability,
mechanical strength and porous structure. However, due to the low mechanical strength and
fragile nature of the hydrogels, the feasibility of applying hydrogels is still limited. Thus,
novel hydrogels with stronger and more stable properties are still needed and remain an
important direction for research. Starch based hydrogels and Calcium carbonate nanoparticles
are biocompatible, biodegradable and low cost for its application in various fields.
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Inorganic nanoparticles for biomedical applications have undergone extensive investigations
in recent years. Among different inorganic drug carriers, calcium carbonate (CaCOz3)
nanoparticles showed unique advantages due to their ideal biocompatibility and the potential
as delivery system for loading different categories of drugs. The accessibility, low cost,
safety, biocompatibility, pH-sensitive properties, conductivity and slow biodegradability of
CaCOg particles nominate it to be a suitable for drug delivery carrier. [1, 2].CaCO3zNPs do not
affect the cell viability of normal (NIH 3T3) and cancer (MCF7) cells. High concentrations of
CaCO3NPs exhibit no genotoxicity against NIH 3T3 and MCF7 cells. CaCO3sNPs have no
developmental toxicity to zebrafish embryos. [3]

XiangliRu et al.,[4] studied the CaCOgz functionalized erythrocytes which are useful to
remove extracellular Lead ions upto 80%. Therefore it is believed to be a potential material to
reduce the Pb?* level in kidney and liver. Shadpour Mallakpour et al., also reported the
removal of Heavy metal ions using CaCOs Nanoparticles containing tragacanth gum
materials [5]. Hydrogels derived from the Arabinoxylan natural polymer is functionalized
carboxymethyl group and loading of reduced graphine nanosheets to study the skin cancer
treatment using fluorouracil drug [6].

The naturally occurring starch based monomers copolymerized with some N-substituted
acrylamide monomer [7]. The authors studied the electrical conductivity of polymer as a
function of temperature and results showed that these polymers showed semiconducting
behavior and optical properties. Polymers with excellent absorption properties were
synthesized by graft polymerization: soluble starch-g-poly(acrylic acid-co-2-hydroxyethyl
methacrylate), poly(vinyl alcohol)/potato  starch-g-poly(acrylic  acid-co-acrylamide),
poly(vinyl alcohol)/potato  starch-g-poly(acrylic acid-co-acrylamide-co-2-acrylamido-2-
methylpropane sulfonic acid). Ammonium persulfat e and potassium persulfate were used as
initiators, while N,N’-methylenebisacrylamide was used as the crosslinking agent. The
molecular structure of potato and soluble starch grafted by synthetic polymers was
characterized by means of Fourier Transform Infrared Spectroscopy (FTIR). The absorption
properties of the obtained biopolymers were tested in deionized water, sodium chromate
solutions of various concentrations and in buffer solutions of various pH [8].

Grafting of N-cyclohexylacrylamide (NCA) with cellulose methacrylate monomer used to
study the metal ion and water uptake properties at 250ppm of Ni%* / Co?* / Cu®* / Pb?* | Fe** /
Cr¥* [9]. Hossam et al., reported the synthesis of carboxymethyl cellulose / acrylic acid gel
via electron beam irradiation with (1.5 Mev& 25 KW) electron beam [10].Sukriti B.S. Kaith
described the synthesis of Gum Xanthan grafted with polyacrylic acid in the presence of
Glutaraldehyde (crosslinker) and APS initiator. [11]. Seidy Partrose Santose et al., [12]
described that the starch based hydrogels and Chitosan loaded nanocomposite systems shows
relevant properties for tissue engineering. The synthesized starch-chitosan hydrogels had
80% cell viability towards HEP-2 (Human epidermal type 2 cells) on mice. Based on the
literature, we planned to synthesize CaCOs NPs intercalated Starch based Nanocomposite
Hydrogels to investigate anti-oxidant and antimicrobial activities.
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2. EXPERIMENTAL

2.1. Materials

Starch, AIBN, acetonitrile, Calcium carbonate NPs and Acrylonitrile were purchased from
SD-fine chemicals Limited in India. The N-cyclohexylacrylamide (NCA) monomer is
synthesized by the reaction of Acrylonitrile and Cyclohexane in the presence of H.SO4 at 0°C
[13].

2.2. Starch-Methacrylate Monomer (SMA)

The soluble form of starch treated with methacryloyl chloride in drops and refluxed for 8 hrs
at room temperature (Scheme-1).
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Scheme 1: Synthesis of Starch-Methacrylate monomer

Synthesis of CaCOsNanocomposite hydrogels

The starch based CaCOsNanocomposite hydrogels are synthesized by free radical
polymerization at 65°C. The required amount of SMA and NCA are dissolved in methanol:
water (3:1) medium and AIBN initiator, MBA crosslinker along with purging of nitrogen gas
for 30 minutes before the polymerization. The polymerization time is varied to prepare the
CaCOs Nanoparticle intercalated nanocomposite hydrogels.
2.3. Characterization

The FTIR spectral characterization was made using Perkin Elmer 200 spectrophotometer in
the 4000 to 450 cm-1 wave number range. The XRD pattern and the crystallinity of
hydrogel was studied by XRD SHIMADZU instrument. The surface morphology of the
starch based hydrogels are studied by JEOL JSMLV scanning electron microscope .
NETZCH STA 250 thermal analyzer is used to determine the thermal stability if the
polymeric material.
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2.4. Antioxidant Activity of Starch based Hydrogels

The assessment of the free radical scavenging capacity of GNH was conducted using DPPH
[14]. DPPH solution (0.004%w/v) was prepared in DMSO. GNH was mixed with DMSO to
create the stock solution with a concentration of 10mg/100mL or 100pg/mL. This solution
was then distributed into five test tubes and, by means of serial dilution using the same
solvent, the final volume of each test tube was adjusted to 10mL, resulting in concentrations
of 20 pg/mL, 40 pg/mL, 60 pg/mL, 80 pg/mL and100 pg/mL respectively. Freshly prepared
DPPH solution (0.004%w/v) was added to each of these test tubes and after a 10-minute
incubation period, the absorbance was measured at 520 nm using a spectrophotometer.
Ascorbic acid was employed as a reference standard and was dissolved in distilled water to
create a stock solution with the same concentration of 10mg/100mL. DMSO was utilized as a
blank. The percentage scavenging of the DPPH free radical was determined using the
following formulae.

Absorbance of control-Absorbance of test sample

% DPPH radical scavenging = X100 ------ (1)

Absorbance of control

2.5. Antimicrobial studies of Hydrogels

In vitro antibacterial activity experiments were conducted using the fresh nutrient method to
assess the impact of the synthesized polymers on microorganisms including Staphylococcus
aureus, Bacillus substilis(Gram positive), Escherichia coli, Salmonella paratyphi (Gram
negative) these microorganisms were selected to evaluate the antibacterial activity.
Additionally,Candidaalbicans, Aspergillus Niger, Monoscuspurpures were employed to
assess antifungal activity. To conduct the antibacterial and antifungal assays, the compounds
were first dissolved in Dimethyl sulfoxide (DMSO). Subsequent dilutions of the compounds
as well as standard drugs were prepared in the test medium were prepared in the test medium
at concentrations of 50 and 200 ppm concentrations using fresh sabouraud’s broth. The
minimum inhibitory concentrations (MIC) were determined through the two fold serial
dilution technique. Control drugs such as Ciprofloxacinand Clotrimazole were used. The
antimicrobial activity data for the hydrogel was collected in duplicate, the data as MIC values
were expressed in ppm.

3. RESULTS AND DISCUSSION

The starch based CaCOsNanocomposite hydrogels are synthesized by free radical
polymerization at 65°C using SMA and NCA monomers in methanol: water (3:1) medium
and AIBN initiator, MBA crosslinker. the CaCOs Nanoparticle intercalated via in situ
polymerization (scheme 2).
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Scheme 2: Synthesis of poly (Starch methacrylate-co-NCA) CaCOsNanocomposite
Hydrogel

3.1. FTIR spectral studies of Hydrogels
The FTIR spectrum of starch based CaCOs Nanocomposite is depicted in Fig.1 and the
assignments of characteristic peak values are given as tablel.
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Fig.1.FTIR spectrum of poly (Starch methacrylate-co-NCA) CaCOsNanocomposite
Hydrogel
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Table 1. Assignment of peak values

Peaks Functional groups
3425.58 cm™ Indicates the presence of O-H stretching vibrations of
alcohols / N-Stretching vibrations for amine group
2912.51 cm™ Indicates the presence C-Hstretching vibrations bonds in
alkane
2123.63 cm™ Indicates the presence C-N bond
1643.35 cm™ Indicates the presence C=Ostretching vibrations of
carbonyls groups
1398.39 cm Indicates the presence O-Hstretching vibrations for
alcohols
1116.78 cm™ Indicates the presence C-C or C-Nstretching bonds
759.95 &613.36 cm! Indicates the presence of CaCO3Nps

3.2. SEM analysis of Starch based Hydrogels

The morphology of the starch based hydogels are shown in Fig.2. with different
magnification. At high magnification the morphology looks like Palm leaf structure and
SEM with EDAX indicates the Calcium and Oxygen element the in the polymer matrix .

Fig.2. SEM images (a, b) in different magnification and SEM with EDAX (c, d) of
Hydrogels
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3.3. XRD analysis

The XRD pattern of the starch based CaCOsnanocomposite hydrogels is depicted in Fig.3. A
broad peak at 15-45e value exhibits the hydrogel is more amorphous and less crystalline in
nature. The peaks at 22.20, 28.17, 32.14 and 42.06 e values confirmed the presence of nano

CaCOs in the polymer matrix.
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Figure 3. XRD pattern of starch based CaCOsnanocomposite

3.4. TGA analysis of polymeric material

TGA curve of starch based CaCOsnanocomposite hydrogel is given as Fig.4. It shows three
stage decomposition. The initial stage weight (up to 10%) loss due to moisture absorbed and
the second stage( at 250.10 °C and 360.5°C ) due to scission of amide and acrylate linkage.
The third stage is decomposition of main chain. The residual weight 37.97% the charred and
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Figure 4. TGA curve of starch based CaCOsnanocomposite
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3.4. Antioxidant activity of starch based CaCOsnanocompositehydrogel

Scavenging effect of hydrogels is given in Table 2 and Fig.5. The percentage inhibition gets
increased with increase in concentration of hydrogel. Though the DPPH scavenging ability of
Starch based CaCOsnanocomposite was lower to that of commercially available Ascorbic
acid, the research demonstrated that Starch based CaCOznanocomposite possess the
capability to donate a proton and can function as a free radical inhibitor, thereby acting as
primary antioxidants. From results, it is found that the Starch based CaCOshydrogels
displayed strong antioxidant properties [16].

Table 2.Antioxidant activity of Starch based CaCOsnanocomposite

% of inhibition
S. No. Conc. (ng/ml) Test Standard
1 20 5.9287 22.3788
2 40 16.8965 31.6429
3 60 30.9679 43.8248
4 80 44.8755 48.5285
5 100 53.6573 63.6762
ICso 76.7633 61.0976
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Fig.5.Antioxidant activity of Starch based CaCO3s NPs composite

3.6. Antimicrobial studies Starch based CaCOshydrogels

The Table 3 and Fig.7 list the zone of inhibition of hydrogels against the micro-
organism such as Staphylococcus aureus, Bacillus substilis(Gram +ve), Escherichia coli,
Salmonella paratyphi(Gram —ve) The results regarding the zone of inhibition suggests that
the antibacterial activity of the compound is specific to the targeted microorganism. The data
highlights that all hydrogels exhibit relatively high inhibition values, with the exception of
Escherichia coli, showed lower inhibition comparatively. The outcomes of the antifungal
activity are presented in Table 4 and depicted in Fig.8 the zone of inhibition demonstrates
that the antifungal activity of the compounds is selective, depending on the specific
microorganism examined. The finding from the biological assay suggests that the
antibacterial action attributed to all the compounds can be attributed to the presence of starch
and cyclohexyl groups. Therefore, Starch based CaCOznanocomposite may be used for
biomedical applications [14-17].
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Table 3. Antibacterial activity Starch based CaCOsnanocomposite

Zone of Inhibition(mm)

SNo | Organisms St_d. _ Samples (100pg/disc)
Ciprofloxacin 01g 03g 05g
(10pg/disc)

1. Staphylococcus aureus 19 23 21 24

2. Bacillus subtilis 19 17 21 22

4. Escherichia coli 22 17 15 16

5. Salmonella paratyphi 25 21 20 24

Table 4. Antifungal activity Starch based CaCOsnanocomposite

Zone of Inhibition(mm)
S.No Organisms ztldt _ | Samples (100pg/disc)
otrimazole
(0pg/disey | O+9 | 939 059
1. Candida albicans 38 28 24 32
2. Aspergillusniger 32 30 35 38
3. Monoscuspurpures 41 32 25 36

Figure 8. Antifungal activity Starch based CaCOsnanocomposite
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4. CONCLUSION

The CaCOs intercalated Starch based nanocomposite hydrogel was synthesized by free
radical polymerization using SMA and NCA monomers. The synthesized nanocomposite
hydrogels were characterized by FTIR, spectroscopy. SEM analysis indicates the surface
morphology of materials  showed palm leaf like structure. EDAX indicated the
intercalation of CaCO3z NPs in the matrix . TGA analysis showed that the stability of the
materials. The antimicrobial analysis exhibited the suitability of biomaterials for medical
applications.

Acknowledgement:
The authors acknowledge the IUAC, New Delhi, for their support.

REFERENCES

[1] Maleki, Solmaz, et al. "Calcium carbonate nanoparticles; potential applications in bone
and tooth disorders." Pharmaceutical Sciences 20.4 (2015): 175-182.

[2] S.M.N.Mydin, Rabiatul Basria & Nadhirah, Izzah & Ishak, Nurul & Shaida, Nik &
Moshawih, Said & Siddiquee, Shafiquzzaman. (2018). Potential of Calcium Carbonate
Nanoparticles for Therapeutic Applications. Malaysian Journal of Medicine and Health
Sciences. 14. 2636-9346.

[3] d’Amora M, Liendo F, Deorsola FA, Bensaid S, Giordani S. Toxicological profile of
calcium carbonate nanoparticles for industrial applications. Colloids and Surfaces B:
Biointerfaces. 2020;190(Complete). doi:10.1016/j.colsurfb.2020.110947.

[4] Ru, X., Guo, Y., Bai, Z et al. Synthesis of calcium carbonate nanoparticles in
erythrocytes enables efficient removal of extracellular lead ions. Commun Chem 2, 105
(2019). https://doi.org/10.1038/s42004-019-0199-z

[5] Shadpour Mallakpour,Amir Abdolmaleki,and Farbod Tabesh (2018)Ultrasonic-assisted
manufacturing of new hydrogel nanocomposite biosorbent containing calcium carbonate
nanoparticles and tragacanth gum for removal of heavy metal,Ultrasonics Sonochemistry, 41,
572 — 581

[6] Nazir, Samina & Khan, Muhammad Umar Aslam & Al-Arjan, Wafa & Razak, Saiful
Izwan Abd & Javed, Aneela & Abdul Kadir, Mohammed. (2021). Nanocomposite Hydrogels
for Melanoma Skin Cancer care and Treatment: In-vitro drug delivery, drug release kinetics
and anti-Cancer  activities.  Arabian  Journal of Chemistry. 14. 103120.
10.1016/j.arabjc.2021.103120.

[7] Cankaya, Nevin. (2016). Synthesis of Graft Copolymers onto Starch and its
Semiconducting Properties. Results in Physics. 6. 10.1016/j.rinp.2016.08.010.

[8] Czarnecka, E.; Nowaczyk, J. Semi-Natural Superabsorbents Based on Starch-g-
poly(acrylic acid): Modification, Synthesis and Application. Polymers 2020, 12, 1794.
https://doi.org/10.3390/polym12081794

[9] Cankaya, Nevin & Temuz, Mehmet. (2015). Grafting of some monomers onto cellulose
and determination of metal and water uptake properties. Cellulose Chemistry and
Technology. 49(2), 135 — 141 (2015)

VOLUME 22 : ISSUE 12 (Dec) - 2023 Page No:342



YMER || ISSN : 0044-0477 http://ymerdigital.com

[10] Said, Hossam & Alla, Safaa & EI-Naggar, Abdel Wahab. (2004). Synthesis and
characterization of novel gels based on carboxymethyl cellulose/acrylic acid prepared by
electron beam irradiation. Reactive and Functional Polymers. 61. 397-404.
10.1016/j.reactfunctpolym.2004.07.002.

[11] Sukriti, B. S. Kaith and Rajeev Jindal (2017), Ag*® Swift Heavy ion Irradiation:
Augmented Removal of auramine-O Dye and Bactericidal Activity International Journal of
Theoretical and Applied Sciences, 9(2), 11-24 (2017)

[12] Pedroso-Santana, Seidy & Rivas, Brian & Fleitas, Noralvis & Maura, Rafael & Gaete,
Carolina & Debut, Alexis & Parra, Natalie & Vizuete, Karla & Thelvia, Ramos & Toledo,
Jorge. (2020). Starch-based hydrogels show relevant properties for tissue engineering and
loading of nanoparticulate systems.. 10.22541/au.158920847.74971326.

[13] Pazhanisamy. P, Reddy. B.S.R,(2007) Synthesis and characterization of methacryl
amido propyltrimethylammonium chloride and N-substituted acrylamide ionomers  Express
Polymer Letters, 1(11), 740 - 747 (2007).

[14] Singhal.G, Bhavesh.R, Kasariya.K, Ranjan Sharma. A, Pal Singh.R,(2011)
Biosynthesis of silver nanoparticles using Ocimum sanctum (Tulsi) leaf extract and screening
its antimicrobial activity, Journal of Nanoparticle Research, 13 (7), 2981 — 2988 (2011).

[15] Kenawy. E.R, (2011)Biologically active polymers. 1V. Synthesis and antimicrobial
activity of polymers containing 8-hydroxyquinoline moiety, J Appl Polym Sci, 82 (6), 1364
— 1374 (2001).

[16]Chandra Shekhar.T, Anju.G,(2014) Antioxidant Activity by DPPH Radical Scavenging
Method of Ageratum conyzoides Linn. Leaves American Journal of Ethnomedicine, 1 (4),
244 — 249 (2014).

VOLUME 22 : ISSUE 12 (Dec) - 2023 Page No0:343


https://link.springer.com/article/10.1007/s11051-010-0193-y
https://link.springer.com/article/10.1007/s11051-010-0193-y
https://onlinelibrary.wiley.com/doi/abs/10.1002/app.1973
https://onlinelibrary.wiley.com/doi/abs/10.1002/app.1973

